RQsumd -Nous montrons que le dssordre non diagonal peut avoir un effet significatif sur les limites de bande de Peierls du polyac6tylSne ainsi que sur les 6tats du gap de type polaron. Nos rssultats montrent aussi qu'un tel d6sordre n'affecte pas la plupart des plus importantes propri6tGs des d6fauts de type soliton.
Introduction. Idealized i n f i n i t e chains of trans-polyacetylene a r e expected t o e x h i b i t a dimerized ground s t a t e due t o a P e i e r l s d i s t o r t i o n 11I n t h i s
instance t h e hopping matrix elements {Vn,n+lf defining t h e n e a r e s t neighbor tight-binding model (S denotes t h e spin) used extensively t o describe t h e p h y s i c a l l y i n t e r e s t i n g h a l f -f i l l e d n-band of t h i s m a t e r i a l , adopt one of two possible values. These values, which we term V, and V,, correspond r e s p e c t i v e l y t o C-C 'single' and 'doable' bonds t h a t a r e of d i f f e r e n t lengths. These s i n g l e and double bonds a l t e r n a t e down t h e chain leading t o a gap of ~~v,-v,I a t t h e Fermi l e v e l .
I n a c t u a l trans-polyacetylene f i l m s it could well be t h a t t h e dimerization of any p a r t i c u l a r chain i s not i d e a l , due t o i t s v a r i a b l e environment f o r example. This can l e a d t o a s t a t e of a f f a i r s where the double and s i n g l e bonds, although remaining d i s t i n g u i s h a b l e and a l t e r n a t i n g , a r e of varying lengths centered around t h e i r respective i d e a l i z e d values so t h a t t h e corresponding matrix elements can be viewed a s random v a r i a b l e s . Such bond length f l u c t u a t i o n s can have important e f f e c t s on t h e e l e c t r o n i c s t r u c t u r e of the system i f , on t h e s c a l e of t h e P e i e r l s gap, they s h i f t appreciably s t a t e s i n t h e neighborhood of t h i s gap while not changing n e a r l y a s s i g n i f i c a n t l y the t o t a l energy of t h e chain per u n i t length. It i s p l a u s i b l e t h a t these requirements a r e met i n t h e v i c i n i t y of t h e expected i d e a l i z e d geometry of polyacetylene. More e x p l i c i t l y , recent ab i n i t i o X a c a l c u l a t i o n s 121 p r e d i c t t h a t t h e f r e e energy of t h e chain a s a function of the Su. S c h r i e f f e r , Heeger /I/ (SSH) dimerization coordinate, a , is very f l a t f o r u's between -.02 R and -.03 y e t the P e i e r l s gap. El, i n t h i s region behaves a s E -flu. where j 3 l i e s somewhere between 32 and 60 EVIR. 2 3 Here we discuss some exact r e s u l t s we have obtained regarding t h e e f f e c t s of t h e above type of off-diagonal ( l a t e r a l ) disorder on t h e e l e c t r o n i c s t r u c t u r e of t h e rt-band of trans-polyacetylene when modeled by H. These r e s n l t s involve not only the e f f e c t s on t h e P e i e r l s gap of trans-polyacetylene but a l s o on s t a t e s associated with soliton-and polaron-like d e f e c t s i n t h e system.
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R e s u l t s and Discussion. W e have derived an exact s e t of coupled f u n c t i o n a l i n t e g r a l equations, t h e s o l u t i o n of which y i e l d s t h e d e n s i t y of s t a t e s (DOS) of H
i n t h e presence of l a t e r a l disorder. These equations were obtained by f i r s t assuming t h a t t h e disordered double and s i n g l e bonds remain d i s t i n g u i s h a b l e and t h e p r o b a b i l i t y d e n s i t i e s of a l l t h e double ( s i n g l e ) bonds a r e a l i k e and then p a r a l l e l i n g Schmidt's a n a l y s i s /3/ of a r e l a t e d problem. Results we have obtained from these equations when t h e disordered double and s i n g l e bonds a r e constrained t o a l t e r n a t e down t h e chain a2e shown i n Figure 1 .
ENERGY (eV) Figure 1 . The DOS per s i t e , p ( E ) , i n t h e neighborhood of t h e P e i e r l s gap obtained by assuming W=.2 eV, V,=-2.32 eV, and V,=-3.18 eV. eV. Within t h e SSH model t h i s choice of W corresponds t o abo t a 25%
The Smooth l i n e i s t h e DOS f o r t h e corresponding i d e a l l y dimerized case. The histogram p l o t r e s u l t s from numerical d i f f e r e n t i a t i o n of t h e d i r e c t l y caloulated i n t e g r a t e d DOS. I n a r r i v i n g a t these r e s u l t s we have assumed f o r s i m p l i c i t y t h a t each double
standard d e v i a t i o n i n t h e equilibrium dimerization coordinate. uo=.03 8. i f we sup ose, a s has been most r e c e n t l y indicated / 4 / , t h a t a of t h a t model equals 7.1 eV/fj. W e see from Figure 1 t h a t t h i s amount of d i s o r d e r i s s u f f i c i e n t t o s i g n i f i c a n t l y smear out the square root divergence occuring a t t h e band edges i n t h e ordered system. This r e s u l t confirms e a r l i e r numerical r e s u l t s / 5 / obtained by embedding f i n i t e disordered chains i n a p e r Figure  2 we present r e s u l t s obtained i n t h i s way by assuming P=.999 and F . 9 9 and a l l o t h e r parameters t h e same a s those used t o d e r i v e Figure 1 . Note t h a t f o r P c l o s e t o 1, (1-P) gives t h e concentration of kinks.
i o d i c medium and shows t h a t t h e presence of such d i s o r d e r could p a r t i a l l y account f o r t h e experimentally observed smearing of the o p t i c a l absorption edge a s has been suggested i n Reference 5. The i n t e g r a l equations solved t o o b t a i n Figure 1 can be s t r a i g h t f o r w a r d l y modified t o study t h e WS i n t h e neighborhood of the P e i e r l s gap when s o l i t o n -l i k e kinks a r e present i n t h e system. This i s achieved through i n t r o d u c t i o n of a s i n g l e parameter, P, representing t h e p r o b a b i l i t y of having a s i n g l e bond-like matrix element given a double bond-like matrix element and vice versa. I n
The most s t r i k i n g f e a t u r e of Figure 2 
i s t h e r a t h e r small amount of broadening a s s o c i a t e d with t h e kink induced s t a t e s a t midgap. This r e s u l t a l s o 8ug8est8 t h a t t h e primary broadening mechanism f o r t h i s band i s simply kink-kink i n t e r a c t i o n s . I n f a c t , f o r t h i s example we have found t h a t t h i s i s t h e case
because we have shown t h a t a s P -> 1, t h e midgap band 
by introduoing kinks i n d i f f e r e n t ways. These r e s u l t s imply t h a t t h e i n s e n s i t i v i t y of kink d e f e c t s t o t h e present type of off-diagonal d i s o r d e r i s a very general property of t h e model. This i s indeed t h e case a s we have proved,
inoluding s p i n degeneracy, t h a t i f the matrix elements defining H a r e a l l bonding provided the matrix elements connecting either end site to its nearest neighbor is double bond-like, the kink concentration is low 161, and the matrix elements bordering the kink are as described below. Furthermore, we have shown that the 2N states between E+ and E-will cluster around midgap. The requirement that the K chain terminating matrix elements are both double bond-like is certainly expected on physical grounds and is consistent with prediction based o n the SSH model 171. Details of the proof of this theorem are tedious and will be reported elsewhere. Note, however, that in carrying out the proof w e allow for the relaxation expected in the vicinity of each kink. Explicitly, the sole restriction we impose o n the kink bordering matrix elements is that if this defect is of the type that when unrelaxed corresponds to two double bonds in a row and occurs at a site n, then both V , V < (u,-c,).
As such our analysis is general enough to include what ~&6Ei:ia ben&e appropriate disordered version of SSH topological solitons.
As an immediate consequence of the above theorem, we have that all even membered nndoped chains containing no kinks have a gap between occupied and unoccupied states of at least 2 (.cl-a,) .
Furthermore, all odd membered chains containing a single kink have exactly two states between E+ and E-. As in the ideal case one can show that these two states occur precisely at midgap. In addition, by counting the electrons we see that this isolated kink will exhibit spin 112 when neutral and spin 0 when charged. Thus, isolated kinks continue to exhibit several of their more important properties found in the ideal case. This result could be partially anticipated by first noting that all odd membered polyacetylene chains must be neutral free radicals regardless of the type of disorder present. Furthermore, we see that all odd membered chains in the presence of off-diagonal disorder must continue to exhibit at least one state for each spin at E=O. This follows because the spectrum of H for each spin species continues to be symmetric about E=O. Finally, by extrapolating results for the ideal case one can attempt to relate these states to the kink. However, this analysis does not show that there is only one such midgap spin state in the polyacetylene chain that is in fact associated with the kink in real space and
